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Description 

This invention relates to a position signal produc- 
ing apparatus, for use with an exposure apparatus, 
for producing a position signal indicative of position 
along an axis of a wafer on which an image on a reticle 
is to be projected. 

Recently, in semiconductor manufacturing appa- 
ratus, a demand for high density arrangement of ele- 
ments has been increasingly developed, so that thick- 
ness of circuit patterns of each element are reaching 
to a value lower than 0.5 um. In exposing processes 
of such fine circuit patterns, it is extremely important 
to match the pattern position with the other patterns 
at every exposing process to carry out many over- 
write exposures which are necessary for producing 
semiconductor products. Such processing requires 
positioning accuracy of less than 0.1 urn. 

A position signal producing apparatus of a prior 
art is disclosed in Japanese Patent Laid-open Public- 
ation No. 63-78004. Hereinbelow will be described 
the above-mentioned prior art position signal produc- 
ing apparatus with reference to Fig. 13. 

Fig. 13 diagrammatically shows the arrangement 
of a prior art exposure apparatus in which the position 
signal producing apparatus is incorporated. In Fig. 13, 
alignment light emitted from a laser-light source 101 , 
which is coherent and includes two frequency compo- 
nents, is split into two light beams by a half mirror 1 02 
and is diffracted by a first pair of diffraction gratings 
104a and 104b formed on a reticle 103, respectively. 
Each diffracted light is projected onto a second pair 
of diffraction gratings 110a and 110b provided on a 
wafer 109 through a first lens system 1 05a and 105b, 
a spatial filter 106a and 106b, a second lens system 
107a and 107b, and a project lens system 108. The 
diffracted light 111a and 111b is introduced into pho- 
todetectors 112a and 112b in the opposite direction 
through the project lens system 108 and the second 
lens systems 107a and 107b. When two beams are 
projected onto the second diffraction gratings 110a 
and 11 0b on the wafer 109 with suitable directions, re- 
spectively, each diffraction light is diffracted in such 
a direction that diffracted light overlaps each other 
and interfere with each other. Light intensities of a pair 
of interfered diffracted light are detected by the pho- 
todetectors 112a and 112b. The detected results are 
compared by a comparator 113. In accordance with 
the detected results, a control system 114 drives the 
wafer 109, so that the difference of the above- 
mentioned diffracted light intensity equals zero. 
Thus, position alignment between the reticle 103 and 
the wafer 109 is performed. 

On the other hand, the pattern of the reticle 103 
is illuminated by a projecting light source 115 and an 
illumination optical system 116. The project image is 
focused onto the wafer 109 through the project lens 
system 1 08. 



However, the above-mentioned prior art arrange- 
ment is effective only when the wavelength of expos- 
ure light emitted from the projecting light source 115 
and the wavelength of alignment light emitted from 

5 the laser light source 101 are substantially equal to 
each other and the project lens system 1 08 displays 
good focusing characteristic to both light. It is very dif- 
ficult to build up an achromatic project lens system 
where ultraviolet light is used for the exposure light, 

10 on the other hand visible light is used for the align- 
ment light. This is because kinds of glass materials for 
making up a dioptric system are limited at wavelength 
of ultraviolet light. For example, ultraviolet light is gen- 
erated by a KrF excimer laser. 

15 In other words, the project lens system 108 is so 

designed as to sufficiently achromatize at exposure 
wavelength and thus, shows large chromatic aberra- 
tion for other wavelength light. Therefore, it is desired 
that wavelength of the alignment light is sufficiently 

20 close to that of the exposure light However, from a 
point of view of producing semiconductor products, it 
is desired that the wavelength of the alignment light 
is sufficiently separated from that of the exposure 
light This is because a high sensitive resist such as 

25 a chemically sensitized resist may be exposed by and 
respond to the alignment light with a high sensitivity. 
Further, a multilayer resist used for compensation of 
limit of focusing characteristic of the project lens sys- 
tem 1 08, or a resist layer containing die for preventing 

30 multi-reflection may absorb the alignment light whose 
wavelength is close to that of the exposure light. In 
other words, the wavelength of the alignment light 
should be sufficiently separated from that of the ex- 
posure light from the reasons involved in the semi- 

35 conductor manufacturing process, as shown in US- 
4,900,939. Therefore, in the above-mentioned prior 
art arrangement, there is a problem that position 
alignment between the reticle and the wafer with high 
accuracy is difficult to perform. 

40 With the foregoing drawbacks of the prior art in 

view, it is an object of the present invention to provide 
a position signal producing apparatus which provides 
a highly accurate through the lens (TTL) alignment 
system including a project lens system having a dif- 

45 fraction grating, and is capable of performing a posi- 
tion alignment between first and second object with 
high accuracy even when alignment light whose wa- 
velength is different from that of exposure light is 
used. 

so According to the invention, there is provided a 

position signal producing apparatus, for use with an 
exposure apparatus for projection-printing a pattern 
on a reticle onto a wafer having thereon a diffraction 
grating with a pitch n2 through a projection lens sys- 

55 tern with exposure light, for producing a position sig- 
nal indicative of the position of said wafer along an 
axis perpendicular to the lens of said diffraction grat- 
ing, the position signal producing apparatus compris- 
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ing: 

a light source for emitting coherent light whose 
frequency is different from that of said exposure light; 

splitting means for splitting said coherent light 
into first and second light beams; 

first reflecting means for reflecting said first 
light beam toward a given place on said reticle, said 
given place being on an annular region within a circle 
defined by the field angle of said projection lens sys- 
tem on said reticle; 

second reflecting means for reflecting said 
second light beam toward said given place to produce 
first interference fringes together with said first light 
beam; 

fine adjustment means connected to said first 
and second reflecting means for adjusting the pitch of 
said first interference fringes; 

means for equalizing the orientations of the im- 
ages of said first light beam and said second light 
beam before said first and second light beams are 
projected on said given place of said reticle, said first 
reflecting means, said second reflecting means and 
said equalizing means being arranged to make lines 
of said first interference fringes perpendicular to said 
axis; 

achromatizing means provided between said 
reticle and said projection lens system for receiving 
said first interference fringes generated on said reti- 
cle and for achromatizing only a specific region cor- 
responding to said given place and forming a part of 
the field angle of said projection lens system at wa- 
velengths of said coherent light, so as to image sec- 
ond interference fringes on said wafer at the location 
of said diffraction grating in correspondence with said 
first interference fringes with chromatic aberration re- 
moved, said second interference fringes having a 
pitch of n1 , said pitches nl and n2 being selected such 
that their ratio is an integer so that said diffraction 
grating produces diffracted light with said second in- 
terference fringes so that interfered light having a 
beat frequency is generated; 

photodetection means responsive to said in- 
terfered light from said diffraction grating received 
through said projection lens system, said achromatiz- 
ing means, and said reticle for producing said position 
signal in accordance with a periodic change of inten- 
sity of said interfered light. 

With the equalizing means thus provided, the first 
and second light beams have an identical image as- 
pect or orientation which insures accurate superposi- 
tion or mixing of the light beams, leading to a consid- 
erable improvement in the position alignment accura- 
cy. 

The equalizing means comprises a mirror dis- 
posed between the splitting means and the given 
place of the reticle for reflecting one of the first and 
second light beams. The splitting means comprises a 
polarized beam splitter which transmits one of the 



first and second light beams and reflects the other of 
the first and second light beams. The equalizing 
means comprising a mirror is disposed between the 
polarized beam splitter and one of the first and sec- 
5 ond reflecting means for reflecting the one light 
beam. 

Preferably, the first light beam has a first optical 
path extending between the splitting means and the 
given place, while the second light beam has a soc- 
io ond optical path extending between the splitting 
means and the given place, the first and second opt- 
ical paths having a same length. The splitting means, 
the first and second reflecting means and the equal- 
izing means are integrally constructed as a single 
15 unit 

The position signal producing apparatus may fur- 
ther comprise: a second diffraction grating provided 
on the reticle and adjacent to the given place for pro- 
ducing a second position light signal by interference 

20 of the second diffraction grating with the interference 
fringes formed on the reticle and for reflecting the in- 
terference fringes by diffraction, stripes of the sec- 
ond diffraction grating being arranged perpendicular 
to the axis; second photodetection means responsive 

25 to the second light signal for producing a second pos- 
ition signal from the second diffraction grating; and 
a phase difference detector responsive to the posi- 
tion signal and the second position signal for produc- 
ing a position control signal. 

30 The above and other objects, features and ad- 

vantages of the present invention will become more 
apparent from the following description when making 
reference to the detailed description and the accom- 
panying sheets of drawings in which preferred struc- 

35 tural embodiments incorporating the principles of the 
present invention are shown by way of illustrative ex- 
amples. 

Fig. 1 is a diagrammatical view showing the gen- 
eral construction of a position signal producing 
40 apparatus according to a first embodiment of this 

invention; 

Fig. 2 is an enlarged view of a portion indicated 
by the arrow II in Fig. 1; 

Fig. 3 is an enlarged view of a portion indicated 
45 by the arrow III in Fig. 1; 

Fig. 4 is a plan view of a reticle showing a speci- 
fied region in the effective field angle of a project 
lens whose chromatic aberration is to be com- 
pensated; 

50 Fig. 5 is a perspective view of a laser light source 

of the apparatus; 

Fig. 6 is a plan view illustrating the operation of 
a spatial filter in a spatial filtering optical system 
of the apparatus; 
55 Figs. 7A through 7C are views illustrative of the 

operation of the apparatus; 
Fig. 8 is a graph showing changes of the degree 
of overlapping of interference fringes on a wafer 
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with a position alignment diffraction grating; 
Fig. 9 is a view similar to Fig. 1 but showing a pos- 
ition signal producing apparatus according to a 
second embodiment of this invention; 
Fig. 10 is an enlarged side view of a portion indi- 
cated by the arrow IX in Fig. 9; 
Fig. 11 and 12 are enlarged plan views of a por- 
tion indicated by arrow IX in Fig. 9, showing the 
arrangement of position alignment marks on a re- 
ticle; and 

Fig. 13 is a diagrammatical view showing a posi- 
tion signal producing apparatus of prior art. 
Referring now to the drawings, wherein like ref- 
erence characters designate like or corresponding 
parts throughout the several views, there is shown in 
Fig. 1 the general construction of a position signal 
producing apparatus according to a first embodiment 
of the invention. In this embodiment, only position 
alignment in X axis out of X, Y, and 6 axes is descri- 
bed. However, position alignment of other axes can 
be carried out in the same manner. 

In Fig. 1, a reticle 1 as a first object is illuminated 
by an illumination optical system 7 for projecting a cir- 
cuit pattern onto a wafer 2 by a project lens system 
4. The wafer 2 as a second object is moved by a wafer 
stage 3 along X axis. The reticle 1 is arranged on an 
objective plane of the project lens system 4, while the 
wafer 2 is arranged on an imaging plane of the project 
lens system 4. A position alignment mark (hereinafter 
referred to as "position alignment blank") 5 is provided 
at a peripheral portion of a field angle of the project 
lens system 4 on the reticle 1. Another position align- 
ment mark (hereinafter referred to as "position align- 
ment diffraction grating") 6 is provided at a portion 
corresponding in position to the position alignment 
blank 5, on the wafer 2 with respect to the project lens 
system 4. The illumination optical system 7 comprises 
a KrF excimer laser for emitting ultraviolet light. Nu- 
meral 8 is exposure light transmitted through the illu- 
mination optical system 7. A light source 9 emits co- 
herent alignment light 10 including two different fre- 
quency components f 1 and f2, each component being 
polarized orthogonally with each other. The light 
source 9 comprises a Zeeman laser described later. 

The alignment light 10 emitted by the laser light 
source 9 enters a beam splitting optical system 11. 
The beam splitting optical system 11 comprises a po- 
larizing beam splitter 12 for splitting the alignment 
light 10 emitted from the laser light source 9, wave 
plates 1 3 and 1 3' for respectively circularly polarizing 
frequency components f1 and f2 split by the polariz- 
ing beam splitter 12, and a mirror 60 for perpendicu- 
larly reflecting part of the alignment light 10 transmit- 
ted though the polarizing beam splitter 12 and the 
wave plate 1 3. The wave plates 1 3 and 1 3' can be pro- 
vided between the reticle 1 and the wafer 2. 

The alignment light 10 passed the beam splitting 
optical system 11 enters a combining optical system 



14 for combining frequency components f1 with f2 to 
produce interference fringes 19 on the position align- 
ment blank 5. The combining optical system 14 com- 
prises mirrors 15 and 1 5' for reflecting the frequency 

5 components f1 and f2 split by the beam splitting opt- 
ical system 11, and fine adjustment mechanisms 16 
and 16' provided to the respective mirrors 15 and 15' 
for adjusting an angle of the corresponding mirror 1 5 
and 15'. The frequency components f1 and f2 of the 

10 alignment light 10 reflected at the mirrors 15 and 15', 
respectively, are subsequently reflected by a mirror 
17 toward the position alignment blank 5 of the reticle 

1, with frequency components f1 and f2 interfered 
with each other. 

15 A compensating optical system comprised of an 

achromatizing optical system 18 is provided between 
the position alignment blank 5 and the projection lens 
system 4 for achromatizing the projection lens system 
4 to reproduce progressive type interference fringes 

20 19 (see Fig. 2) on the position alignment diffraction 
grating 6 as interference fringes 30. The interference 
fringes 30 formed on or above the position alignment 
diffraction grating 6 is diffracted by the position align- 
ment diffraction grating 6. Numeral 20 is diffracted 

25 light diffracted by the position alignment diffraction 
grating 6 and advances perpendicularly to the wafer 

2. Numeral 21 Is a spatial filtering optical system com- 
prising a spatial filter 22 for transmitting only a middle 
portion of the light beam reflected by the mirrors 17 

30 and 23, coming from the position alignment grating 6 
through the projection lens system 4, achromatizing 
optical system 18, and reticle 1 . Numeral 24 is a pho- 
todetector into which the diffracted light 20 transmit- 
ted through the spatial filtering optical system 21 is in- 

35 traduced. Numeral 25 is a laser interferometer for 
measuring the position of the wafer 2, and numeral 26 
is an L shape mirror mounted on the wafer stage 3. 

The position signal producing apparatus of the 
foregoing construction will be described below in 

40 greater detail in conjunction with the operation there- 
of. 

The laser light source 9 shown in Fig. 1 for posi- 
tion alignment is an optical unit which is constructed 
to emit the coherent alignment light 10 including com- 

45 ponents of frequencies f1 and f2, each component 
being polarized orthogonally with each other, as 
shown in Fig. 5. In this embodiment, a Zeeman laser 
is used which produces two frequency components, 
each component orthogonally polarized by applica- 

50 tion of a magnetic field to the laser tube. As an alter- 
native, a light modulator using a unidirectionally prop- 
agating ultrasonic wave may be used for such an opt- 
ical unit. There is also an optical unit for generating 
two frequency components by Doppler shifting the 

55 frequency of the laser light with a rotating diffraction 
grating. Generally, the frequency difference between 
two frequencies f1 and f2 is from tens of kHz to tens 
of MHz. 
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The alignment light 1 0 emitted from the laser light 
source 9 is split into frequency components f1 and f2 
by the polarizing beam splitter 12 in the beam splitting 
optical system 11 and then the frequency component 
f1 of linearly polarized light is circularly- polarized by 5 
the wave plate 13. Likewise, the frequency compo- 
nent f2 of linearly polarized light is circularly-polarized 
by the wave plate 13'. For the beam splitting optical 
system 11, a Wollaston prism utilizing double refrac- 
tion can be used other than the polarizing beam split- 10 
ter 12 utilizing dielectric multilayer. The frequency 
components f1 and f2 are circularly-polarized be- 
cause the linearly polarized light is subjected to inten- 
sity change by multi-reflection, so that there is little 
noise margin of alignment signal intensity if linearly 15 
polarized light would be used for aligning of the wafer 
2. 

The frequency component f 1 (i.e., a first beam) of 
the alignment light 10 which is transmitted through 
the polarized beam splitter 12 is reflected by a mirror 20 
60 in a perpendicular direction toward the mirror 15 of 
the combining optical system 14. On the other hand, 
the frequency component f2 (i.e., a second beam) of 
the alignment light 10 which is reflected by the pola- 
rized beam splitter 12 projects directly on the mirror 25 
15' of the combining optical system 14. With the mir- 
ror 60 thus provided, an image converting condition 
of the first beam and an image converting condition 
of the second beam match with each other as being 
erect images. The mirror 60 may be disposed be- 30 
tween the mirror 15' and the mirror 17 in which in- 
stance the first and second beams have an identical 
image aspect (image converting condition) compris- 
ing inverted images. With this matching of the image 
converting condition, images formed by the first and 35 
second beams projected on the reticle 1 can be ac- 
curately superposed with each other without involving 
a geometric error relative to the images of the first 
and second beams before they are split from the 
alignment light 10 by the polarizing beam splitter 12. 40 
As a result, the accuracy of a light signal produced is 
high. 

The alignment light 1 0 with f 1 and f2 components 
of an identical image aspect is reflected by the mirrors 
15 and 15' of the combining optical system 14 and is 45 
projected onto the position alignment blank 5 on the 
reticle 1 with these components interfered by the mir- 
ror 17. The mirrors 1 5 and 1 5' in the combining optical 
system 14 can be replaced with a prism, etc., utilizing 
total reflection. The frequency components f1 and f2 so 
of the alignment light 10 are mixed with each other on 
the position alignment blank 5 and interfered with 
each other to produce interference fringes 1 9 (Fig. 2). 
Pitch of the interference fringes 19 is adjusted to 
about 8 urn by adjusting the reflection angle of the 55 
mirrors 15 and 15' with the fine adjustment mecha- 
nisms 16 and 16'. This pitch of the interference fring- 
es 19 can be adjusted within several percent for the 



reasons described later. 

Since the number of reflections of the frequency 
component f1 is the same as that of the frequency 
component f2, these frequency components f1 and f2 
projected onto the position alignment blank 5 are 
mixed with each other in the same manner as done 
with the frequency components f1 and f2 before the 
splitting by the polarizing beam splitter 12. 

With this matching of the number of reflection of 
both frequency components f1 and f2, the position 
alignment accuracy is improved. By equaling the first 
and second frequency components f1 and f2 for the 
length of an optical path between the polarizing beam 
splitter 12 and the position alignment blank 5, it is pos- 
sible to reproduce a light wave surface at a point of 
the polarizing beam splitter 12 where incident light is 
split into two beams of frequency components f1 and 
f2. The alignment light 10 has an increased degree of 
spatial coherency which improves the position align- 
ment accuracy. 

The beam splitting optical system 11 and the 
combining optical system 14 are integrally construct- 
ed as a single optical unit, so that an angle of projec- 
tion of each beam projected from such a single optical 
unit is always constant even when a common plane 
of both beams is displaced. The single optical unit can 
be adjusted accurately with utmost ease. The accu- 
racy of the optical unit can be maintained for a long 
service time without deterioration. 

The frequency components f1 and f2 of the align- 
ment light 1 0 interfere with each other and, due to the 
difference in frequency of two components f1 and f2, 
a wave pattern of the interference fringes 19 pro- 
gresses along X axis at beat frequency of f1 and f2, 
as shown in Fig. 2, though a spot of the interference 
fringes 1 9 does not move. These interference fringes 
19 of progressing waves are referred to as progres- 
sive type interference fringes 19. Lines of the inter- 
ference fringes are arranged perpendicular to X axis 
by arranging the polarizing beam splitting optical sys- 
tem in a plane including X axis. Strips of the position 
alignment diffraction grating are also arranged per- 
pendicular to X axis. 

The exposure light 8 emitted from a KrF excimer 
laser is projected onto the reticle 1 through the illu- 
mination optical system 7. The image of a circuit pat- 
tern on the reticle 1 is projected onto the wafer 2 by 
the project lens system 4. As mentioned above, the 
projection lens system 4 is designed to match the wa- 
velength of the exposure light 8. Thus, it is impossible 
to focus the progressive type interference fringes 19 
by only the projection lens system 4 due to large chro- 
matic aberration. However, it is possible to sufficient- 
ly achromatize the projection lens system 4 with re- 
spect to only a specific region where the progressive 
type interference fringes 1 9 is formed on the reticle 
1, other than the circuit pattern is formed. Then, the 
achromatizing optical system 18 achromatizes the 
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project lens system 4 with respect to only the specific 
region 28 (the same solid torus in Fig. 4) In the effec- 
tive field angle 27 of the project lens system 4. Thus, 
the progressive type interference fringes 19 generat- 
ed within the specific region 28 on the reticle 1 from 
the components f1 and f2 of the alignment light 10 
emitted from the laser light source 9 is accurately fo- 
cused on the wafer 2. In Fig. 4, numeral 29 shows a 
circuit pattern region. 

The above-mentioned achromatizing optical sys- 
tem 18 will be described in greater detail. There are 
two functions of the achromatizing optical system 18 
as follows: 

(1) Achromatizing the projection lens system 4 
due to difference in wavelength between the expos- 
ure light and the position alignment light 

A synthetic quartz used for the projection lens 
system 4 which is suitable for the ultraviolet exposure 
light 8 (X=248.5 nm) generated by the KrF excimer 
laser has different refractive indexes between ultra- 
violet and visible light, such as the alignment light 10. 
Thus, chromatic aberration of the projection lens sys- 
tem 4 so designed as to match the excimer laser light 
is extremely large at the wavelength of the alignment 
light 1 0, so that it is very difficult to design the achro- 
matizing optical system 18 with achromatizing over 
full field angle of the projection lens system 4. Then, 
achromatizing for a specified region 28 where the 
position alignment blank 5 exists within the field angle 
of the projection lens system 4, other than the circuit 
pattern region makes it easy to design the achroma- 
tizing optical system 1 8. As described above, it is pos- 
sible to project the progressive type interference 
fringes 1 9 generated at wavelengths of the alignment 
light 10 onto the wafer 2 through a combination of the 
achromatizing optical system and the projection lens 
system with sufficiently small aberration and suffi- 
cient MTF. 

(2) Compensating projection magnification of the 
alignment light 10 between the reticle 1 and the wafer 
2. 

The projection lens system 4 has a focal length at 
a wavelength of the alignment light 1 0 longer than that 
at the exposure light because the alignment light 10 
is longer in wavelength than the exposure light For 
example, the focal length of the projection lens sys- 
tem 4 at He-Ne laser light is tens times that of the ex- 
posure light, and thus, the magnification of the former 
is tens times that of the latter. Further, those image 
formation positions differ from each other. There are 
many difficulties in designing of the achromatizing 
optical system 18 to equalize the projection magnifi- 
cation for the alignment light 10 to that for the expos- 
ure light 8 under this relationship. Thus, it is desired 
that the projection magnification for the alignment 
light 10 is made around one if the projection magnifi- 
cation at the wavelength of the exposure light is 1/5. 
On the other hand, it is difficult in manufacturing and 



assembling of lenses to make the total magnification 
for the achromatizing optical system 18 and the pro- 
jection lens system "1.0" accurately with chromatic 
aberration perfectly compensated. Thus, another 

5 compensation mechanism for compensating the error 
of total magnification is required. This compensation 
mechanism is the fine adjustment mechanism 16 and 
1 6' in the combining optical system 14. When the total 
magnification is 1.01, the fine adjustment mecha- 

w n isms 1 6 and 1 6' are so adjusted that the pitch of the 
progressive type interference fringes becomes 0.99 
times unadjusted pitch, so that the pitch of the pro- 
gressive type interference fringes 30 projected on the 
wafer 2 (see Fig. 3) can be adjusted to 1 .0 accurately. 

15 The progressive type interference fringes 19 

formed on the reticle 1 are projected through the ach- 
romatizing optical systems 18 and the project lens 
system 4 onto the wafer 2 to form another progressive 
type interference fringes 30 on or above the position 

20 alignment diffraction grating 6 again. Position of the 
wafer 2 is roughly adjusted previously. The interfer- 
ence fringes 30 formed on or above the position align- 
ment diffraction grating 6 are diffracted. First order 
diffraction light advances perpendicularly from the 

25 wafer 2 as a diffraction light 20. The pitch of the pro- 
gressive type interference fringes 30 is adjusted to be 
equal to that of the position alignment diffraction grat- 
ing 6 on the wafer 2 previously with respect to zero- 
order diffraction light by adjusting the combining opt- 

30 ical system 14. Thus, the intensity of the diffracted 
light 20 developed by the progressive type interfer- 
ence fringes 30 and the position alignment diffraction 
grating 6 changes with a beat frequency, namely, a 
frequency difference between f1 and f2. When the 

35 pattern of the progressive type interference fringes 
30 overlaps the position alignment diffraction grating 
6 with 0° phase difference, the intensity of the diffrac- 
tion light 20 reaches a maximum. When the progres- 
sive type interference fringes 30 overlap the position 

40 alignment diffraction grating 6 with 180° phase differ- 
ence in period of interference fringes 30, the intensity 
of the diffraction light 20 reaches a minimum. There- 
fore, the intensity change of the diffracted light 20 in- 
cludes position difference information of the position 

45 alignment diffraction grating 6 in the phase of alter- 
native component Therefore, there is provided accu- 
rate position deviation detection of the wafer 2 from 
a phase meter 51 to which an intensity signal of the 
diffracted light 20 detected by the photodetector 24 

so as a position signal is applied. 

Operation of the spatial filtering optical system 
21 is described. For instance, if a surface of the wafer 
2 is rough due to aluminum patterns, the diffraction 
light 20 also includes speckles generated by the alu- 

55 minum patterns on Fourier plane of the spatial filter- 
ing optical system 21, as shown in Fig. 6. In Fig. 6, a 
speckle pattern 31 can be removed by using a spatial 
filter 22 which transfers only its center portion around 
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its optical axis on Fourier plane. 

An output signal of the photodetector24 which in- 
cludes the position information of the wafer 2 in its 
phase is applied to the phase meter 51 whose other 
input is supplied with an output of a photodetector 50. 
The photodetector 50 receives frequency compo- 
nents f1 and f2 from the laser light source 9 through 
a half mirror 55 as a reference. The phase meter 51 
detects phase relationship between the output signal 
of the photodetector 24 and the output of the photo- 
detector 50. An output of the phase meter 51 with pos- 
ition information is applied to a control circuit 52 for 
controlling a step motor 53. The step motor 53 drives 
the wafer stage 3 through a lead screw 53. 

In this embodiment, accuracy in mounting posi- 
tional relation between the achromatizing optical sys- 
tem 18 and the project lens system 4 is very impor- 
tant If the achromatizing optical system 18 is dis- 
placed due to some reasons, the conjugate relation 
between the position alignment mark (position align- 
ment blank) 5 on the reticle 1 and the position align- 
ment mark (position alignment diffraction grating) 6 
on the wafer 2 is not realized. Therefore, the achro- 
matizing optical system 18 should be mounted firmly 
with respect to the project lens system 4 with stability 
for a long time interval. Thus, a devising is effective 
such as the achromatizing optical system 18 manu- 
factured in one piece structure together with the pro- 
ject lens system 4. 

The above-mentioned position deviation detec- 
tion has a detection range which is half of the pitch of 
the position alignment diffraction grating 6 on the wa- 
fer 2, due to the periodicity of the position alignment 
mark used. On the other hand, it is possible to obtain 
a substantially unlimited detection range by using a 
projection image of the position alignment blank 5 on 
the reticle 1 with the intensity of beat signal. This will 
be described with reference to Figs. 1 and 7A through 
7C. The wafer 2 mounted on the wafer stage 3 is scan- 
ned at a constant speed. The wafer stage 3 scans a 
scan region 32 (Fig. 8) expected to include a position 
where the position deviation amount is zero. As 
shown in Figs. 7A- 7C, the degree of overlapping of 
the progressive type interference fringes 30 with the 
position alignment diffraction grating 6 changes with 
the position of the wafer 2. In Fig. 7 A, the number of 
bars of diffraction fringes 30 overlapping the position 
alignment diffraction grating 6 is about three. Thus, 
the amplitude of the output signal of the photodetector 
24 is low. In Fig. 7B, the number of bars of diffraction 
fringes 30 overlapping the position alignment diffrac- 
tion grating 6 is five or six. Thus, the amplitude of the 
output of signal of the photodetector 24 is high. In Fig. 
7C, the number of bars of diffraction fringes 30 over- 
lapping the position alignment diffraction grating 6 is 
about two. Thus, the amplitude of the output signal of 
the photodetector 24 is also low. This change is 
shown in Fig. 8 where the amplitudes shown in Figs. 



7A- 7C are shown by corresponding points A, B and 
C in Fig. 8. Generally, a pattern like a triangle as 
shown in Fig. 8 is obtained as follows: 

The position obtained by coordinate of the laser 
5 interferometer 25 during scanning of the wafer stage 
3 is taken as the axis of abscissa, and the amplitude 
of the beat signal is taken as the axis of ordinate. The 
position of the wafer 2 when position deviation is zero 
can be obtained by calculating the center position of 
10 the triangle shape pattern. This detection accuracy is 
not sufficient compared with the final position align- 
ment between the reticle 1 and the wafer 2. However, 
there is provided a sufficient accuracy by combina- 
tion of coarse alignment done by detecting a maxi- 
15 mum amplitude position which provides an extremely 
wide detection range with the above-mentioned pos- 
ition deviation detection by phase detection. 

In the first embodiment described above, the 
position deviation detection of the wafer 2 is obtained 
20 by providing the progressive type interference fringes 
19 on the reticle 1 once and then projecting the pro- 
gressive type interference fringes 19 onto the wafer 
2. In a third embodiment, position alignment is made 
for not only the wafer 2 but also the reticle 1 at the 
25 same time. 

Figs. 9 through 12 show a second embodiment of 
the invention. Fig. 9 shows general construction, Fig. 
10 is an enlarged view of a portion indicated by the 
arrow IX in Fig. 9, and Figs. 11 and 12 show an ar- 
30 rangement of position alignment marks on the reticle 
1. The beam splitting optical system used in this em- 
bodiment is the same in construction as that of the 
second embodiment 

Basic structure for aligning the wafer 2 is the 
35 same as the structure of the first embodiment. In this 
embodiment, the position alignment diffraction grat- 
ing 33 is further provided on the reticle 1 adjacent to 
the position alignment blank 5 as shown in Fig. 1 0, 
whose stripes are arranged perpendicular to X axis 
40 and diffracted light 34 from the position alignment 
diffraction grating 33 is detected by another photode- 
tector 36 through another spatial filtering optical sys- 
tem 35. Afield diaphragm 37 is provided in front of the 
photodetector 24 for introducing only light from the 
45 position alignment blank 5 into the photodetector 24. 
The pitch of the progressive type interference fringes 
1 9 on the reticle 1 is finely adjusted by the combining 
optical system 14 for the alignment of the wafer 2, so 
that there is a possibility that a pitch error with respect 
so to the position alignment diffraction grating 33 of the 
reticle 1 occurs. Thus, it is desired that the number of 
bars of the position alignment diffraction grating 33 
of the reticle 1 is as few as possible. The reticle 1 com- 
prises a quartz glass plate where chromium patterns 
55 are drawn, so that the diffraction efficiency is high. 
Thus, if the area of the position alignment diffraction 
grating 33 of the reticle 1 is small to some extent, 
there is no trouble to detect the beat signal by the pho- 
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todetector36. The same effect can be obtained by us- 
ing the spatial filtering optical system 35 which limits 
the field of light returning from the reticle 1. Fig. 11 
shows the position alignment grating 33 of the reticle 
1 . Since the total magnification of the project lens 
system 4 and the achromatizing optical system is 1 .0, 
detection of beat signals by the photodetectors 24 
and 36 is possible. By a phase comparison between 
these two beat signals, the relative position alignment 
between the reticle 1 and the wafer 2 is possible. 
Thus, it can be expected that an alignment accuracy 
of this method is higher than that done by separate 
alignment of the reticle 1 and the wafer 2 (through the 
reticle alignment or TTR alignment). Moreover, an ar- 
rangement of position alignment diffraction gratings 
33a and 33b as shown in Fig. 12 can be used too. 
These position alignment diffraction gratings 33a and 
33b feature to develop no Abbe's error in the direction 
of relative position deviation amount between the wa- 
fer 2 and the reticle 1 even if rotation of the progres- 
sive type interference fringes 19 occurs, in other 
words, the direction of gratings of the position align- 
ment diffraction gratings 33 deviates from a direction 
of stripes of the progressive type interference fringes 
19. This is because assuming that patterns of the 
position alignment diffraction gratings 6 and 33 are 
uniform, position deviation detection amount of the 
reticle 1 is represented by the center of gravity of the 
position alignment diffraction gratings 6 and 33, so 
that the center of gravity of the position alignment dif- 
fraction grating 6 of the wafer 1 seemingly consists 
with that of the position alignment diffraction grating 
33 of the reticle irrespective of the presence of rota- 
tion of the progressive type interference fringes 19. 

As described above, in this invention, two differ- 
ent frequency components which are different from 
that of exposure light, included in the coherent align- 
ment light 10 are projected onto the position align- 
ment blank 5 provided on a specific position on the re- 
ticle 1 where the progressive type interference fring- 
es 1 9 are formed. In this instance, the frequency com- 
ponents are conditioned by the mirror 60 so as to 
have an identical image aspect or orientation. This 
conditioning improves the position alignment accura- 
cy of the apparatus. The progressive type interfer- 
ence fringes 19 are projected through the achroma- 
tizing matizing optical system 18 and the project lens 
system 4 onto the wafer 2 to form other progressive 
type interference fringes 30 on or above the position 
alignment diffraction grating 6. Diffracted light 20 is 
transmitted through the spatial filtering optical sys- 
tem 21 and introduced into the photodetector 24 to 
detect the beat signal for providing position deviation 
between the reticle land the wafer 2. The wafer stage 
3 is moved to reduce the position deviation for provid- 
ing accurate position alignment. As described above, 
even if the alignment light 10 whose wavelength is 
different from that of the exposure light 8, position 



alignment between the position alignment blank 5 
and the wafer 2 with high accuracy is provided be- 
cause the achromatizing optical system 18 compen- 
sates chromatic aberration of the project optical sys- 
5 tern 4 for the specific region where interference fring- 
es are formed by interference of the alignment light 
10. 



1. A position signal producing apparatus, for use 
with an exposure apparatus for projection-print- 
ing a pattern on a reticle (1 ) onto an wafer (2) hav- 

15 ing thereon a diffraction grating (6) with a pitch 

n2 through a projection lens system (4) with ex- 
posure light (8), for producing a position signal in- 
dicative of the position of said wafer (2) along an 
axis perpendicular to the lens of said diffraction 

20 grating, the position signal producing apparatus 

comprising: 

a light source (9) for emitting coherent light 
(10) whose frequency is different from that of 
said exposure light (8); 

25 splitting means (11) for splitting said co- 

herent light into first and second light beams 
<f1,f2); 

first reflecting means (15) for reflecting 
said first light beam (f 1) toward a given place (28) 
30 on said reticle (1 ), said given place (28) being on 

an annular region within a circle defined by the 
field angle (27) of said projection lens system (4) 
on said reticle (1); 

second reflecting means (15') for reflect- 
35 ing said second light beam (f2) toward said given 

place (28) to produce first interference fringes 
(19) together with said first light beam (f1); 

fine adjustment means (1 6, 1 6') connected 
to said first and second reflecting means (15,15') 
40 for adjusting the pitch of said first interference 

fringes; 

means (60) for equalizing the orientations 
of the images of said first light beam (f 1 ) and said 
second light beam (f2) before said first and sec- 

45 ond light beams (f1 ,f2) are projected on said giv- 

en place (28) of said reticle (1), said first reflect- 
ing means (15), said second reflecting means 
(15') and said equalizing means (60) being ar- 
ranged to make lines of said first interference 

so fringes (1 9) perpendicular to said axis; 

achromatizing means (18) provided be- 
tween said reticle (1) and said projection lens 
system (4) for receiving said first interference 
fringes (19) generated on said reticle (1) and for 

55 achromatizing only a specific region correspond- 

ing to said given place (28) and forming a part of 
the field angle of said projection lens system (4) 
at wavelengths of said coherent light (10), so as 
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to image second interference fringes (30) on said 
wafer (2) at the location of said diffraction grating 
(6) in correspondence with said first interference 
fringes (19) with chromatic aberration removed, 
said second interference fringes (30) having a 5 
pitch of n1 , said pitches n1 and n2 being selected 
such that their ratio is an integer so that said dif- 
fraction grating (6) produces diffracted light (20) 
with said second interference fringes (30) so that 
interfered light having a beat frequency is gener- w 
ated; 

photodetection means (24) responsive to 
said interfered light from said diffraction grating 
(6) received through said projection lens system 
(4), said achromatizing means (18), and said re- 15 
tide (1) for producing said position signal in ac- 
cordance with a periodic change of intensity of 
said interfered light. 

2. A position signal producing apparatus according 20 
to claim 1, wherein said equalizing means (60) 
comprises a mirror disposed between said split- 
ting means (11) and said given place (28) of said 
reticle (1) for reflecting one of said first and sec- 
ond light beams (f 1 ,f2). 25 

3. A position signal producing apparatus according 
to claim 1 or 2, wherein said splitting means (11) 
comprises a polarizing beam splitter (12) which 
transmits one of said first and second light beams 30 
(f 1 ,f2) and reflects the other of said first and sec- 
ond light beams (f1,f2), and said equalizing 
means (60) comprises a mirror (60) disposed be- 
tween said polarizing beam splitter (12) and one 

of said first and second reflecting means (15,1 5') 35 
for reflecting said one light beam. 

4. A position signal producing apparatus according 
to claim 1 , 2 or 3, wherein said first light beam (f1 ) 

has a first optical path extending between said 40 
splitting means (11) and said given place (28), 
said second light beam (f2) has a second optical 
path extending between said splitting means (11) 
and said given place (28), and said first and sec- 
ond optical paths have the same length. 45 

5. A position signal producing apparatus according 
to any one of claims 1 to 4, wherein said splitting 
means (11), said first and second reflecting 
means (15, 15') and said equalizing means (60) so 
are integrally constructed as a single unit. 

6. A position signal producing apparatus according 
to any one of claims 1 to 5, further comprising: 

a second diffraction grating (33) provided 55 
on said reticle (1) and adjacent to said given place 
(28) for producing a second position light signal 
by interference of said second diffraction grating 



(33) with said interference fringes (19) formed on 
said reticle (1) and for reflecting said interference 
fringes (19) by diffraction, stripes of said second 
diffraction grating (33) being arranged perpen- 
dicular to said axis; 

second photodetection means (36) re- 
sponsive to said second light signal for producing 
a second position signal from said second dif- 
fraction grating (33); and 

a phase difference detector (51) respon- 
sive to said position signal and said second pos- 
ition signal for producing a position control signal. 



Patentanspruche 

1. Eine Positionssignal-erzeugende Vorrichtung 
zum Gebrauch mit einer Belichtungsvorrichtung 
zum Projektionsdrucken eines Musters auf einer 
Maske (1) auf einen Wafer (2) mit einem Beuge- 
gitter (6) mit einem Abstand n2 darauf durch ein 
Projektionslinsensystem (4) mit Belichtungslicht 
(8), zum Erzeugen eines fur die Position des 
Wafers (2) langs einer Achse senkrecht zu der 
Linse des Beugungsgitters indikativen Positions- 
signals, wobei die Positionssignal-erzeugende 
Vorrichtung umfaBt 

eine Lichtquelle (9) zum Emittieren von 
koharentem Licht (10), dessen Frequenz von je- 
nerdes Belichtungslichtes (8) verschieden ist; 

ein teilendes Mittel (11 ) zum Teilen des ko- 
harenten Lichtes in erste und zweite Lichtbundel 
(f1.f2); 

ein erstes reflektierendes Mittel (15) zum 
Reflektieren des ersten Lichtbundels (f1) in Rich- 
tung auf eine gegebene Stelle (28) auf der Maske 
(1), wobei die gegebene Stelle (28) auf einem 
ringffirmigen Bereich innerhalb eines Kreises 
liegt, der durch den Gesichtsfeldwinkel (27) des 
Projektionslinsensystems (4) auf der Maske (1) 
def iniert ist; 

ein zweites reflektierendes Mittel (15') 
zum Reflektieren des zweiten Lichtbundels (f2) in 
Richtung auf die gegebene Stelle (28), urn erste 
Interferenzstreifen (19) zusammen mit dem er- 
sten Lichtbundel (f1) zu erzeugen; 

ein Feineinstellungsmittel (16, 16'), das 
mit den ersten reflektierenden Mitteln (15, 15') 
zum Einstellen des Abstandes der ersten Interfe- 
renzstreifen verbunden ist; 

ein Mittel (60) zum Ausgleichen der Orien- 
tierungen der Bilder des ersten Lichtbundels (f1) 
und des zweiten Lichtbundels (f2), bevor die er- 
sten und zweiten Lichtbundel (H, f2) auf die ge- 
gebene Stelle (28) der Maske (1) projiziert wer- 
den, wobei das erste reflektierende Mittel (15), 
das zweite reflektierende Mittel (15') und das 
ausgleichende Mittel (60) dazu angeordnet sind, 
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Linien der ersten Interferenzstreifen (19) senk- 
recht zu der Achse zu machen; 

ein achromatisierendes Mittel (18), das 
zwischen der Maske (1) und dem Projektionslin- 
sensystem (4) zum Empfangen der ersten Inter- 5 
ferenzstreifen (19), die auf der Maske (1) erzeugt 
werden, und zum Achromatisieren von nureinem 
spezif ischen Bereich entsprechend der gegebe- 
nen Stelle (28) und einen Teil des Gesichtsfeld- 
winkels des Projektionslinsensystems (4) bildend 1 o 
bei Wellenlangen des koharenten Lichtes (10) 
vorgesehen ist, um so zweite Interferenzstreifen 
(30) auf dem Wafer (2) bei dem Ort des Beu- 
gungsgitters (6) in Obereinstimmung mit den er- 
sten Interferenzstreifen (19) mit entfernter chro- 15 
matischer Abberation abzubilden, wobei die 
zweiten Interferenzstreifen (30) einen Abstand 
von n1 aufweisen, wobei die Abstande n1 und 
n2 derart ausgewahit sind, dad ihr Verhaltnis eine 
ganze Zahl ist, so dad das Beugungsgitter (6) ge- 20 
beugtes Licht (20) mit den zweiten Interferenz- 
streifen (30) erzeugt, so da& zur Interferenz ge- 
brachtes Licht mit einer Schwebefrequenz er- 
zeugt wird; 

ein Photodetektionsmittel (24), das auf 25 
das zur Interferenz gebrachte Licht aus dem Beu- 
gegitter (6) anspricht das durch das Projektions- 
linsen system (4), das achromatisierende Mittel 
(18) und die Maske (1) empfangen wird, zum Er- 
zeugen des Positionssignals in Ubereinstim- 30 
mung mit einer periodischen Anderung der Inten- 
sity des zur Interferenz gebrachten Lichtes. 

2. Eine Positionssignal-erzeugende Vorrichtung 
nach Anspruch 1 , worin das ausgleichende Mittel 35 
(60) einen Spiegel umfa&t, der zwischen das tei- 
lende Mittel (1 1 ) und die gegebene Stelle (28) der 
Maske (1) zum Ref lektieren von einem der ersten 

und zweiten Lichtbundel (f1, f2) angeordnet ist. 

40 

3. Eine Positionssignal-erzeugende Vorrichtung 
nach Anspruch 1 Oder 2, worin das teilende Mittel 
(11) einen polarisierenden Strahlteiler (12) um- 
fa&t, welcher einen der ersten und zweiten Licht- 
bundel (f1 , f2) ubertragt und den anderen der er- 45 
sten und zweiten Lichtbundel (f1, f2) reflektiert, 

und das ausgleichende Mittel (60) einen Spiegel 
(60) umfa&t, der zwischen dem polarisierenden 
Strahlteiler (12) und einem der ersten und zwei- 
ten ref lektierenden Mittel (1 5, 1 5') zum Ref lektie- so 
ren des einen Lichtbundels angeordnet ist. 

4. Eine Positionssignal-erzeugende Vorrichtung 
nach Anspruch 1 , 2 oder 3, worin das erste Licht- 
bundel (f1) einen ersten optischen Weg aufweist, 55 
der sich zwischen dem teilenden Mittel (11) und 

der gegebenen Stelle (28) erstreckt, das zweite 
Lichtbundel (f2) einen zweiten optischen Weg 



aufweist, der sich zwischen dem teilenden Mittel 
(11) und der gegebenen Stelle (28) erstreckt, und 
die ersten und zweiten optischen Wege die glei- 
che Lange aufweisen. 

5. Eine Positionssignal-erzeugende Vorrichtung 
nach einem der Anspruche 1 bis 4, worin das tei- 
lende Mittel (1 1 ), die ersten und zweiten ref lektie- 
renden Mittel (15, 15') und das ausgleichende 
Mittel (60) einstuckig als eine einzelne Einheit 
aufgebaut sind. 

6. Eine Positionssignal-erzeugende Vorrichtung 
nach einem der Anspruche 1 bis 5, die weiter auf- 
weist: 

ein zweites Beugungsgitter (33), das auf 
der Maske (1) vorgesehen ist und der gegebenen 
Stelle (28) benachbart ist zum Erzeugen eines 
zweiten Positionslichtsignales durch Interferenz 
des zweiten Beugungsgitters (33) mit den Inter- 
ferenzstreifen (19), die auf der Maske (1) gebildet 
sind und zum Ref lektieren der Interferenzstrei- 
fen (19) durch Beugung, wobei Streifen des zwei- 
ten Beugungsgitters (33) senkrechtzu der Achse 
angeordnet sind; 

ein zweites Photodetektionsmittel (36), 
das auf das zweite Lichtsignal zum Erzeugen ei- 
nes zweiten Positionssignals aus dem zweiten 
Beugungsgitter (33) anspricht; und 

einen Phasendifferenzdetektor (51), der 
auf das Positionssignal und das zweite Positions- 
signal zum Erzeugen eines Positionsregelsi- 
gnals anspricht. 



Revendlcatlons 

1. Appareil de production d'un signal de position, a 
utiliser avec un appareil d 'expos it ion pour im pri- 
mer par projection un dessin sur un reticule (1) 
place sur une plaquette (2), sur laquelle se trouve 
un reseau de diffraction (6) d'un pas n 2f par I'in- 
termediaire d'un dispositif (4) formant lentille de 
projection avec une lumiere d 'expos it ion (8), af in 
de produire un signal de position representatif de 
la position de ladite plaquette (2) suivant un axe 
perpend iculaire a la lentille dudit reseau de dif- 
fraction, I'appareil de production du signal de po- 
sition comprenant: 

- une source de lumiere (9) destinee a emet- 
tre une lumiere coherente (10) dont la fre- 
quence est differente de celle de ladite lu- 
miere d'exposition (8), 

- des moyens separateurs (11) destines a se- 
parer ladite lumiere coherente en des pre- 
mier et second faisceaux lumineux (f 1t fj, 

- des premiers moyens de reflexion (1 5) des- 
tines a reflechir ledit premier faisceau lumi- 
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neux (fi) vers un endroit donne (28) sur ledit 
reticule (1), ledit endroit donne (28) se trou- 
vant sur une region annulaire a I'interieur 
d'un cercle defini sur ledit reticule (1) par 
Tangle de champ (27) dudit dispositif (4) for- 5 
mant lentille de projection, 
des seconds moyens de reflexion (15') des- 
tines a reflechir ledit second faisceau lumi- 
neux (f 2 ) vers ledit endroit donne (28) af in 
de produire des premieres f ranges d'inter- 10 
ference (19) avec ledit premier faisceau lu- 
mineux (f,), 

des moyens de reglage f in (16, 1 6') couples 
auxdits premiers et seconds moyens de re- 
flexion (1 5, 1 5') af in de regler le pas desdi- 15 
tes premieres f ranges d' interference, 
des moyens (60) pour egaliser les orienta- 
tions des images dudit premier faisceau lu- 
mineux (f,) et dudit second faisceau lumi- 
neux (f^ avant que lesdits premier et se- 20 
cond faisceaux lumineux (f 1t f 2 ) ne soient 
projetes sur ledit endroit donne (28) dudit 
reticule (1), lesdits premiers moyens de re- 
flexion (15), lesdits seconds moyens de re- 
f lexion (1 5') et lesdits moyens d'egalisation 25 
(60) etant disposes pour rendre les raies 
desdites premieres franges d'interference 
perpend iculaires audit axe, 
des moyens d'achromatisation (18) places 
entre ledit reticule (1) et ledit dispositif (4) 30 
formant lentille de projection, destines a re- 
cevoir lesdites premieres franges d'interfe- 
rence (19) produites sur ledit reticule (1) et 
a achromatiser uniquement une region pre- 
cise qui correspond audit endroit donne 35 
(28) et qui fait partie dudit angle de champ 
dudit dispositif (4) formant lentille de pro- 
jection aux longueurs d'ondes de ladite lu- 
miere coherente (10), de maniere a former 
I'image de secondes franges d'interference 40 
(30) sur ladite plaquette (2), a I'emplace- 
ment dudit reseau de diffraction (6), en 
correspon dance avec lesdites premieres 
franges d'interference (19) dont on a sup- 
prime I'aberration chromatique, lesdites se- 45 
condes franges d'interference (30) ayant 
un pas n 1p lesdits pas n 1 et n 2 etant choisis 
pour que leur rapport soit un nombre entier 
af in que ledit reseau de diffraction (6) pro- 
duise une lumiere diffractee (20) avec les- 50 
dites secondes franges d'interference (30) 
de sorte qu'il est produit une lumiere ayant 
interfere qui presente une frequence de 
battement, 

des moyens photodetecteurs (24) qui rea- 55 
gissent a ladite lumiere ayant interfere pro- 
venant dudit reseau de diffraction (6) et re- 
cue par I'intermediaire dudit dispositif (4) 



formant lentille de projection, ledit moyen 
d'achromatisation (18) et ledit reticule (1), 
pour produire ledit signal de position en 
fonction d'une modification periodique de 
I'intensite de ladite lumiere ayant interfere. 

2. Appareil de production d'un signal de position se- 
lon la revendication 1, dans lequel ledit moyen 
d'egalisation (60) comprend un miroir place entre 
ledit moyen separateur (11) et ledit endroit donne 
(28) dudit reticule (1) pour reflechir Tun desdits 
premier et second faisceaux lumineux (f t , f 2 ). 

3. Appareil de production d'un signal de position se- 
lon la revendication 1 ou 2, dans lequel ledit 
moyen separateur (11) comprend un separateur 
(12) de faisceau polarisant qui transmet un pre- 
mier desdits premier et second faisceaux lumi- 
neux (f 1f f2)etqui reflechitl'autre desdits premier 
et second faisceaux lumineux (f 1f et ledit 
moyen d'egalisation (60) comprend un miroir (60) 
place entre ledit separateur (12) de faisceau po- 
larisant et Tun desdits premiers et seconds 
moyens de reflexion (15, 15') pour reflechir ledit 
premier faisceau lumineux. 

4. Appareil de production d'un signal de position se- 
lon la revendication 1, 2 ou 3, dans lequel ledit 
premier faisceau lumineux (f|) a un premier trajet 
optique qui s'etend entre ledit moyen separateur 
(11) et ledit endroit donne (28), ledit second fais- 
ceau lumineux (f 2 ) a un second trajet optique qui 
s'etend entre ledit moyen separateur (11) et ledit 
endroit donne (28) et lesdits premier et second 
trajet s optiques ont la meme longueur. 

5. Appareil de production d'un signal de position se- 
lon Tune quelconque des revendications 1 a 4, 
dans lequel ledit moyen separateur (11), lesdits 
premier et second moyens de reflexion (15, 15') 
et ledit moyen d'egalisation (60) sont construct de 
maniere integree comme un element unique. 

6. Appareil de production d'un signal de position se- 
lon I'une quelconque des revendications 1 a 5, 
comprenant en outre : 

- un second reseau de diffraction (33) place 
sur ledit reticule (1 ) et adjacent audit endroit 
donne (28) pour produire un second signal 
lumineux de position par interference dudit 
second reseau de diffraction (33) avec les- 
dites franges d'interference (19) formees 
sur ledit reticule (1 ) et pour reflechir lesdites 
franges d'interference (19) par diffraction, 
les raies dudit second reseau de diffraction 
(33) etant dlsposees perpendiculairement 
audit axe, 

- un second moyen photodetecteur (36) qui 
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reagit audit second signal lumineux pour 
produire un second signal de position a par- 
tir dudit second reseau de diffraction (33), 
et 

- un detecteur (51) de difference de phase 5 
qui reagit audit signal de position et audit 
second signal de position pour produire un 
signal de commando de position. 

10 



15 



20 



25 



30 



35 



40 



45 



50 



12 



EP 0 477 026 B1 




13 



EP 0 477 026 B1 



FIG. 2 
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FIG. 7A 



FIG. 7B 



FIG. 7C 



30 



20 



POSITION 
ALIGNMENT 
DIFFRACTION 
GRATING 



,20 DIFFRACTION 
LIGHT 

/30 INTERFERNCE 
FRINGES 



-20 

6 K , '30 



! 1 



n n rr 



Yi n n / 



WAFER 



3 



I V V V W V V 

□ n n 



✓/ ^ // 



F/6 8 




POSITION READING OF LASER INTERFEROMETER 



15 



EP 0 477 026 B1 




16 



EP 0 477 026 B1 



FIG. 10 
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